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The morphological and numerical changes in epider-
mal melanocytes in tail skin of C57BL mice after expo-
Sure to psoralen followed by UV A irradiation were stud-
ied_ The dorsal aspect of the tail was painted daily for 5 
days a week with 0.1 ml methoxsalen (8-methoxypsora-
len) in acetone, followed by UV A irradiation (peak 365 
nm) after 2 hr with increasing energies up to a maximum 
of 2.0 J/cm2 daily. Control animals received UVA or 
acetone treatment only. The total duration of the exper-
iment was 8 weeks. Biopsies taken after 1 and 3 days, 1, 
2, 4, 6 and 8 weeks were studied by the combined skin-
splitting DOPA techniques. After 2 weeks ofPUV A treat-
ment the original brick like arrangement ofmelanocytes 
was obliterated and replaced by a confluent layer of 
melanocytes, and after 4 weeks the number of melano-
cytes had tripled and these cells also appeared on the 
epithelium covering the pilosebaceous units. UV A treat-
ment alone did not show these effects. Inflammation and 
denuding of the skin after 4 weeks was followed by 
regeneration of the epidermis and the melanocyte sys-
texn, in spite of continuing PUV A treatment. 
The combination of psoralens and subsequent exposure to 
ultraviolet light in the range between 320-400 nm (UVA ac-
cording to the conventional UVL spectrum designations) [1], 
has an increasing importance in the treatment of a variety of 
skin disorders, such as psoriasis, vitiligo, mycosis fungo ides, and 
atopic eczema. Many clinical studies have been· published, in 
which the therapeutic results of PUV A treatment in those 
diseases have been described [2-5]. It is well known that while 
nonnalizing the epidermal structure in the above named dis-
eases of the skin, PUV A treatm-ent also results in an increase in 
melanin pigmentation. Psoralen was first used for this reason 
by EI Mofty for the treatment of vitiligo [6]. It is assumed that 
UV A immediately oxidizes preexisting melanin, which causes 
pigInent darkening, and later stimulates neogenesis of pigment 
by rnelanocytes [7]. The biochemical and morphological effects 
of psoralens on human epidermis have been well described by 
Pathak and Epstein [8]. The exact role of psoralens in the 
pigInentation process, however, has still to be determined. 
Several investigations on carcinogenicity of psoralens have 
been carried out since the first study of O'Neil and Griffin in 
1957 [9]. They found that in albino mice fed with dietary 
psoralens and irradiated by UV light with wavelengths shorter 
than 320 nm (UVB and UVC), the incidence of ear tumors was 
considerably less than that of controls receiving irradiation 
only, but that the intraperitoneal administration of psoralens, 
coITlbined with UVB and uve irradiation increased the tumor 
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incidence [9]. A review by Scott, Pathak, and Mohn [10] indi-
cates that tumor formation in experimental animals by PUV A 
has only been observed with high doses of UV A (more than 10 
J / cm2) combined with orally administered or intraperitoneally 
injected psoralens [11,12]. UV A by itself is harmless and inef-
fective in inducing tumors in albino mice even in high doses 
[13]. 
The purpose of this investigation was to study, for the first 
time to our knowledge, at light microscopic and ultrastructural 
levels, the morphological and numerical changes in the epider-
mal melanocyte system of tail skin in C57BL mice that were 
exposed to topical psoralen and UV A treatment. It is a sequel 
to our previous experiment in which we studied the effects of 
the carcinogen DMBA combined with UVB irradiation on the 
same melanocyte system [14]. Although tumor formation is 
unexpected in this system, possible precancerous changes can 
be studied and compared to changes caused by other melano-
genic agents. Tail skin of C57BL mice was chosen for this 
experiment because it possesses a relatively thick epidermis 
with sparse population of hairs and a well-functioning melano-
cyte system. For these reasons it serves also as a good experi-
mental model, comparable to human skin. 
MATERIALS AND METHODS 
Adult black female mice (C57BL/6J, Jackson Laboratories, Maine) 
were used. In this strain, epidermal melanocytes are normally found in 
less hairy areas, such as the sole of the foot, the outer margin of the 
ears, and the tail [15). The skin of the dorsal surface of the tail was 
used in these experiments. The mice were fed standard laboratory 
Purina chow and water ad libitum. . 
A total of 34 adult mice was used in this study. In one group of 14 
mice, the skin of the dorsal surface of the tail was painted daily for 5 
days a week with 0.1 ml oxsoralen. For this purpose oxsoralen lotion 
(Paul B. Elder Company, Bryan, Ohio), consisting of methoxsalen (8-
methoxysoralen) 1% in an acetone, alcohol 70%, and propylene glycol 
base, was diluted to a 0.1% solution with acetone; consequently the 
solvent for the oxsoralen was predominantly acetone. 
After 2 hr, the painted surface of the tail was exposed to UV A 
irradiation. The source was a General Electric F20T12 BLB Black 
Light, maximum output 365 nm. The daily energy used in the 1st week 
of the experiment was 0.5 J / cm2; 2nd week 1.0 J/em2; 3rd wee.k 1.5 JI 
em2 and 4th to 8th weeks 2.0 J / cm2• 
Another group of 14 mice was treated with UV A irradiation only, 
with increasing energies as described for the rust group. The total 
duration of the experiment was 8 weeks. Biopsies of the tail skin were 
taken under ether anesthesia, after 1 and 3 days, 1, 2, 4, 6 and 8 weeks. 
Control groups consisted of 2 animals each, treated with acetone 
only and acetone followed by UV A irradiation as described before for 
8 weeks, and 2 animals without any treatment. All specimens were 
obtained and processed in a similar manner. Each specimen was stud-
ied, using the combined "skinsplitting" technique with NaBr and DOPA 
(L-3,4-dihydroxyphenylalanine) incubation [16], similar to methods 
described in the previous paper [14]. 
RESULTS 
PUVA Treated Mice 
In normal skin of the dorsal surface of the tail in C57BL mice, 
the melanocytes are arranged in a brick-like pattern running 
circumferentially around the tail [14,15]. In areas between the 
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"bricks," DOPA positive melanocytes are practically absent. 
Melanocyte-counts could be made only within the bricks. No 
melanocytes are found on the sebaceous glands or outer root 
sheaths of the hair follicles (Fig 1, 2). 
The first changes were noted after 1 week of PUV A treat-
ment. Although the "brick pattern" was still distinct, melano-
cytes began to appear in the "inter-brick" areas and on the 
outer root sheaths of the hair follicles. The melanocytes were 
larger and more dendritic than those in control skin (Fig 4). 
Background pigmentation, in contrast to controls, became ap-
parent indicating active melanosome formation and transfer 
from melanocytes to keratinocytes. 
After 2 weeks of PUV A treatment, the brick pattern was 
obliterated and replaced by a confluent layer of melanocytes 
(Fig 3). Many small terminal boutons of dendrites, appearing 
as hyperpigmented spots in the epidermis, were seen. Also, 
some very big, dendritic melanocytes with large terminal bou-
tons were observed (Fig 6) . Most melanocytes, however, were 
smaller and had short, stubby dendrites. After 3 weeks of PUV A 
treatment, there was a macroscopically visible gradual increase 
in hyperkeratosis of the tail skin. The skin color changed from 
grey to dark-brown. 
FIG 1. Normal epidermis. The melanocytes are arranged in a "brick-
like" pattern. Scale bar ~OO /Lm. 
FIG 2. Normal epidermis. Normal melanocytes within 1 brick. Scale 
bar 10 /Lm. 
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FIG 3. Epidermis after 2 weeks of PUV A treatment. The brick 
pattern is obliterated and replaced by a confluent layer of melanocytes. 
Scale bar 100 /Lm . 
FIG 4. Epidermis after 1 week of PUV A treatment. Melanocytes are 
larger and more dendritic compared to control epidermis (Fig 2). Scale 
bar 10 /Lm. . 
In the 4th week, erosions started to develop in the middle of 
the PUV A exposed areas of the tail, which progressed to severe 
inflammation. Surprisingly, under continuing PUVA treatment 
these lesions cleared by 6 weeks, the hyperkeratotic layer shed 
and left a new, but depigmented epithelium on the dorsal 
surface of the tail. One animal had inflammatory lesions of the 
tail that progressed towards complete necrosis of the entire tail 
and later the animal died. In plastic embedded sections of whole 
skin biopsies, taken after 4 weeks of PUV A treatment at the 
time of the height of the inflammatory lesions, a complete 
destruction of the epidermis was seen, together with extensive 
bacterial infection and polynuclear and lymphocytic infIltra-
tion. After 6 weeks, with continuing PUV A treatment, the 
macroscopic observations of regeneration of the epidermis were 
microscopically affirmed, and showed an intact epidermis. No 
leukocytic infiltrate was seen any more. 
The split-skin preparations of the inflamed area after 4 weeks 
showed a dramatic decrease in melanocyte number. The back-
ground pigmentation had disappeared and a few big melano-
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FIG 5. Epidermis after 4 weeks of PUV A treatment. The inflamed 
areas are characterized by the absence of DOPA positive melanocytes. 
Note large dendritic melanocytes adjacent to the inflamed areas. Scale 
bar lOOf1.m . 
FIG 6. Epidermis after 2 weeks of PUVA treatment. Melanocytes 
have short, stubby dendrites, rounded cell bodies, and large terminal 
boutons. Scale bar 10 f1.m . 
cytes were observed possessing many thin, long dendrites (Fig 
5). The areas adjacent to the inflamed area on the sides of the 
tail, that were not directly exposed to the UV A, did not show 
an inflammatory reaction but demonstrated the effects of 
PUV A treatment comparable to those seen in specimens after 
2 weeks of PUV A treatment. In these peripheral areas, the 
melanocyte population had increased 3 times compared to the 
number of melanocytes in control animals (Table ). The mela-
nocytes were very small and had short, stubby dendrites. Back-
ground pigmentation was heavy and melanocytes appeared on 
the sebaceous glands and outer root sheath of the hair follicles. 
In the following 4 weeks of PUV A treatment these changes 
increased in intensity. After 8 weeks the number of melanocytes 
still remained about 3 times higher than the normal number. 
Melanocytes were very dendritic, had small cell bodies, and 
many small terminal boutons of dendrites were seen around 
theIn. They formed a confluent layer, covering sebaceous glands 
and outer root sheaths of the hair follicles. Background pig-
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mentation was very heavy. In the area that had been inflamed, 
regeneration of melanocytes was observed after 6 weeks of 
PUVA treatment (Fig 7, 8). Very small DOPA positive cells 
were seen with round cell bodies and very short or no dendrites. 
After 8 weeks, larger melanocytes were observed in the previ-
ously inflamed area, and small terminal boutons were also seen. 
No background pigmentation was observed. 
UVA Treated Mice 
The tail skin of the mice treated with UV A only, for as long 
as 8 weeks, did not show any of the dramatic changes seen in 
the PUVA treated mice (Fig 9). There was no significant 
increase in melanocyte number (Table). The brick pattern 
Changes in melanocyte number of mouse tail epidermis after 
treatment with PUVA and UVA 
Treatment duo Mean number of mela· Specimens 
ration nocytes pe.r mm' ± SE 
mean, SO" 
Control C57BL mouse 630 ± 20,70 
PUVA 1 day 585 ± 20, 65 
UVA 1 day 640 ± 15,50 
PUVA 3 days 615 ± 30, 85 
UVA 3 days 615 ± 25,80 
PUVA 1 week 705 ± 20, 65 
UVA 1 week 620 ± 30, 100 
PUVA 2 weeks 1285 ± 35, 120 
UVA 2 weeks 670 ± 30, 90 
PUVA 4 weeks 1760 ± 40,130 . 
UVA 4 weeks 695 ± 20, 70 
PUVA 6 weeks 1760 ± 35, 110 
UVA 6 weeks 675 ± 25, 80 
PUVA 8 weeks 1670 ± 30, 95 
UVA 8 weeks 690 ± 25, 75 
Acetone 8 weeks 655 ± 25, 90 
Acetone + UV A 8 weeks 650 ± 30, 85 
" The mean number of melanocytes refers to mm2 of surface of tail 
skin of 2 mice per experiment. The figures are rounded off to the 
nearest five. 
FIG 7. Epidermis after 6 weeks of PUVA treatment. Regeneration 
of melanocytes is seen. Scale bar 100 f1.m. 
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FIG 8. Epidermis after 6 weeks of PUV A treatment. Higher magni-
fication of Fig 7. Scale bar 10 I'm. 
FIG 9. Epidermis after 8 weeks of UV A treatment. The brick pattern 
stays intact. Occasional interbrick melanocytes are seen. Scale bar 100 
I'm. 
stayed completely intact during the whole experiment and no 
pigmentation developed on the outer root sheaths of the hair 
follicles and sebaceous glands. From the fourth week on, how-
ever, some changes were observed. Some melanocytes showed 
shortening of their dendrites, inter-brick melanocytes were seen 
and background pigmentation developed, but all in a very 
moderate level compared to skin treated with PUV A for the 
same amount of time. In control specimens of skin treated with 
acetone only for 8 weeks, no significant changes were seen in 
comparison to skin of animals without any treatment. 
DISCUSSION 
In this study, 3 very interesting ' observations were made: (a) 
PUV A treatment results in numerical and morphological 
changes in the melanocyte system of the C57BL mouse, similar 
to those following treatment with the carcinogen DMBA [14]; 
(b) UV A irradiation alone, in contrast to treatment with UVB 
alone, has no significant effect on the melanocyte number; and 
(c) inflammation and destruction of the epidermis caused by 
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the PUV A tre-atment was followed by regeneration of the 
epidermis and the melanocyte system. 
The repeated PUV A stimulation induced a marked increase 
in the epidermal melanocyte population in the tail skin of 
C57BL mice (Table), similar to findings by Pathak and Epstein 
[8] in human skin treated with PUV A. The origin of this 
increase is still to be explained. It is possible that the rise in the 
number of melanocytes is caused by cell division in the brick 
area and migration of divided melanocytes into the inter-brick 
area; by induction of pigment formation in a preexisting ame-
lanogenic melanocyte population; or by a combination of these 
2 mechanisms. Similar mechanisms are suggested by us for the 
increase in the epidermal melanocyte population after stimu-
lation with carcinogenic polycyclic hydrocarbons [14]. 
In our experiments we have found that the melanogenic 
effects of PUV A and DMBA treatment are both very powerful. 
Both treatments result in the formation of a confluent layer of 
melanocytes on the mouse tail skin, covering the sebaceous 
glands and the outer root sheaths of the hair follicles and cause 
active pigment transfer from melanocytes to keratinocytes. 
Also, UVB by itself stimulates the melanocyte system, as treat-
ment of C57BL mouse melanocytes with 0.1 J/cm2 5 days per 
week for 10 weeks results in a 2-fold increase in the number of 
melanocytes [14]. UV A treatment by itself does not stimulate 
the melanocyte system, as is shown in this experiment (Table), 
and no inflammatory changes were seen. It is possible that the 
energies of UV A used in our experiment were not high enough 
to produce changes, but this is not likely as it has been shown 
that single and repeated stimulation of human skin with large 
doses of UVA (more than 100 J/cm2 ) caused only minimal 
changes in the epidermal melanocytes [17]. Also, it is known 
that UVB penetrates deeper in the epidermis than UV A 
[18,19], which may contribute to this difference between UVA 
and UVB in stimulation of the melanocyte system. 
Griffin, Hakim, and Knox [11] reported a severe erythemal 
reaction associated with a high tumor incidence in albino mice 
treated with intraperitoneal or oral administration of psoralens 
followed by UV A. These findings were confirmed by Urbach 
[20]. In our experiments a severe inflammatory reaction oc-
curred after 4 weeks of PUV A treatment, even though a low 
initial dose and a slow increase in UV A energy were used, but 
no tumor formation was observed. It is difficult to relate the 
results of Griffin to ours, as no comparative studies have been 
yet carried out on the effects of topical, oral and intraperitoneal 
application of psoralens followed by UV A irradiation in mice. 
Also, the tumor formation was achieved with a total dose of 
10-1000 J/cm2 over a period of 3 mo, while the energies used in 
our experiments were much lower. Finally, albino mice are 
known to be more susceptible to phototoxic insults than pig-
mented miCe, like the C57BL mice that were used in our 
experiments, because their furry coat lacks melanin. 
After the severe inflammation and denuding of the skin 
surface in our experiment, a regeneration of the epithelium, 
including the melanocytes, took place and the inflammatory 
response subsided in the dermis. It is possible that migration of 
melanocytes and keratinocytes from the adjacent areas, includ-
ing skin appendages, occurred. Also, it is possible that not all 
melanocytes were destroyed by the inflammatory process and 
that remaining amelanogenic melanocytes were activated. The 
reason for the general recovery, in spite of the continuous 
PUV A treatment, still remains unexplained. 
To answer the question whether treatment with PUV A has 
any deleterious effect on the epidermal melanin unit, long-term 
experiments are planned, comparing the changes in PUV A 
treated epidermis with those in DMBA treated skin on light 
microscopical and electron microscopical levels. 
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